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The purpose of this study was to report a combined approach using thoracoscopy and ﬂexible bron-
choscopy to identify and repair a rare tracheoesophageal ﬁstula (TEF) anatomic variant. This variant had
both a distal tracheoesophageal ﬁstula and a rare proximal ﬁstula in an H-type conﬁguration located high
in the thoracic inlet. A 2045 g, ex-35 week female underwent thoracoscopy for what was preoperatively
believed to be Gross type C anatomy. After ligation of the distal ﬁstula, ventilation remained challenging
and intraoperative ﬂexible bronchoscopy revealed a proximal ﬁstula. The proximal ﬁstula was in a H-
type conﬁguration high in the thoracic inlet. Both ﬁstulae, as well as the esophageal atresia, were
repaired thoracoscopically. A postoperative contrast study at 10 days and 3 months revealed an intact
esophageal repair without a leak or stricture. A postoperative rigid bronchoscopy at 10 days showed no
airway abnormalities. A narrated video of the operation is available under the supplemental data of this
publication. The thoracoscopic repair of this rare tracheoesophageal ﬁstulae variant with H-type anat-
omy between the proximal pouch and trachea located high in the thoracic inlet is feasible in low birth
weight infants. Intraoperative ﬂexible bronchoscopy is a valuable tool for the identiﬁcation of a second
ﬁstula.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.Over the past two decades signiﬁcant advances in surgical
technology have led to the development of minimal access pro-
cedures for many complex neonatal conditions. A report describing
the ﬁrst successful thoracoscopic repair of a pure esophageal atresia
(EA) was published in 1999 [1]. The ﬁrst successful thoracoscopic
repair of combined EA with distal tracheoesophageal ﬁstula (TEF)
followed one year later [2].
Since this early pioneering work the thoracoscopic approach
has become an accepted alternative to thoracotomy, but is typi-
cally limited to cases of short gap pure EA or those involving the
most common Gross type C anatomy e EA with distal TEF at or
near the level of the carina. Three reports exist describing a total
of ﬁve patients undergoing successful thoracoscopic repairs ofBY-NC-ND license (http://
Stanford University Medical
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Published by Elsevier Inc. All rightisolated, often relatively distal, H-type ﬁstulae in the absence of
EA [3e5]. The thoracoscopic repair of a type D TEF is also
described in the literature; however, the proximal TEF was an end
to side type [6].
As technology continues to be improved and downsized there is
increasing availability of ﬂexible endoscopy in the pediatric popu-
lation with proposals for endoscopic approaches to EA [7]. Flexible
bronchoscopy can be performed with a patient in almost any po-
sition via endotracheal tube access making it attractive for intra-
operative utilization. We describe the use of intraoperative ﬂexible
bronchoscopy to identify a rare TEF variant and the subsequent
thoracoscopic repair of the proximal H-type ﬁstula associated with
EA and distal TEF.1. Clinical case and methods
A 31-year-old G1P0 mother gave birth to a 2045 g, ex-35 week
female with EA/TEF. The infant also had coloboma, choanal atresia,
minor ear and hand anomalies and patent ductus arteriosus/patent
foramen ovale. Based on this constellation of congenital anomaliess reserved.
Fig. 1. Suture ligation of the distal TEF with visualization and preservation of the vagus
nerve.
Fig. 2. Dissection of the proximal esophageal pouch aided by the orogastric tube.
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was diagnosed with CHARGE syndrome. On the ﬁfth day of life the
decision was made to proceed with operative repair of the EA/TEF.
The patient had frank aspiration requiring intubation shortly after
birth and persistently tenuous respiratory status. In conjunction
with the anesthesia team it was felt that extubation and rigid
bronchoscopy would not be well tolerated so a ﬂexible broncho-
scope was advanced through the endotracheal tube to evaluate the
airway anatomy.
A distal TEF right above the carina was identiﬁed. No obvious
proximal ﬁstula was seen with the endotracheal tube high in the
trachea. The patient was then placed in the left lateral decubitus,
almost prone, position and the chest was accessed through a 5 mm
port at the level of the tip of the scapula along with two ports along
the anterior axillary linee a 3mmport and a 5mm porte to enable
triangulation toward the thoracic inlet. The azygous vein was
dissected and divided and the distal esophaguswas easily identiﬁed
as it was distended with the ventilated air. The distal TEF was
dissected and ligated with an absorbable suture ligature (Fig. 1).
With the aid of a transoral feeding tube, the proximal esophagus
was thenmobilized bycircumferential dissection (Fig. 2). Both vagus
nerves were identiﬁed and preserved. Despite ligation of the distal
ﬁstula there was persistent difﬁculty with ventilation and loss of
tidal volume. In addition the proximal esophageal pouch appeared
distended so a second intraoperative ﬂexible bronchoscopy was
performed. A proximal H-type ﬁstula was discovered (Fig. 3a and b)Fig. 3. (a) Endoscopic visualization of the proximal h-type TEF. (b) Thoracoscopic viand the bronchoscope was advanced through the ﬁstula into the
proximal esophageal pouch identifying the exact location of the
ﬁstula. This ﬁstula was dissected circumferentially and ligated with
an absorbable suture ligature, ﬂush with the membranous trachea
(Fig. 4). The esophageal portion of the ﬁstula was then sharply
divided and the defect was closed with three interrupted 5-
0 absorbable sutures using an intracorporeal knot-tying technique
(Fig. 5).
Once the upper pouchwas fully mobilized and the H-type ﬁstula
was repaired, the distal TEF and the proximal esophageal pouch
were divided, exposing healthy esophageal mucosa. An end-to-end
anastomosis was created with 5-0 absorbable sutures, again using
an intracorporeal knot-tying technique (Fig. 6). Once the posterior
row of the anastomosis was completed an 8-French feeding tube
was advanced under direct vision into the stomach. The anterior
wall of the anastomosis was then completed. A 10-French chest
tube was placed under direct vision in the vicinity of the anasto-
mosis prior to lung re-expansion and wound closure.2. Results
The patient tolerated the procedure well. The total operative
time was 125 min. The patient subsequently underwent repair of
the choanal atresia and was extubated. A contrast esophagram
study on postoperative day 10 revealed an intact esophageal repair
without stricture (Fig. 7). A postoperative rigid bronchoscopy wasew of the same ﬁstula, dissection aided by the intraluminal ﬂexible endoscope.
Fig. 4. Suture ligation of the proximal TEF aided by distal pressure applied by the
transoral feeding tube.
Fig. 6. Completed repair: (1) esophageal anastomosis, (2) repair of proximal H-type
ﬁstula, (3) proximal ﬁstula remnant, (4) distal ﬁstula remnant.
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of both ﬁstulae.
3. Discussion
This report describes the thoracoscopic repair of a very rare TEF
variant in a low birth weight patient. The proximal TEF with H-type
anatomywas located high in the thoracic inlet (Fig. 8). Most of these
abnormalities are usually repaired through a cervical approach.
While the restricted space of the thoracic inlet led to a more
technically challenging repair, thoracoscopic magniﬁcation and
exposure led to successful suture closure of the proximal ﬁstula.
Interestingly, the presence of the second ﬁstula was not seen on
initial ﬂexible bronchoscopy and only found after persistent difﬁ-
culty with ventilation after ligation of the distal TEF. This ﬁnding
illustrates the importance of suspecting a second ﬁstula in the
presence of persistent difﬁculty with ventilation or observed
distention of the proximal esophagus following ligation of the distal
ﬁstula.
Another technical point for consideration was the unintended
beneﬁt of the ﬂexible (as opposed to standard rigid) bronchoscope
used in this case given the tenuous airway status of the patient and
the concurrent choanal atresia. Upon identiﬁcation of the proximalFig. 5. Suture repair of the proximal esophagus following division of the proximal
H-type TEF.ﬁstula wewere able to cannulate the tracheal opening directly with
the bronchoscope and use this as a guide for our subsequent
thoracoscopic dissection. This process allowed for an efﬁcient
transition from endoscopic conﬁrmation of pathology to thoraco-
scopic intervention. Another option, of course, would have been the
use of a rigid bronchoscope with passage of a catheter through the
ﬁstula. However, it would be difﬁcult to perform this in the left
lateral decubitus position required for thoracoscopic repair. We
advocate the assistance of ﬂexible endoscopic procedures during
laparoscopy and thoracoscopy for better understanding and man-
agement of pediatric surgical pathology.
The thoracoscopic repair of EA/TEF is an accepted alternative to
the open approach and is becoming the procedure of choice for
many pediatric surgeons. This approach has been shown to have
comparable rates of anastomotic leak, stricture, recurrent ﬁstula,
and subsequent anti-reﬂux operations with the traditional open
repair in both single center and multi-institutional retrospective
reports [8,9]. Those who routinely perform this operation reportFig. 7. Postoperative day 10 esophagram revealing no evidence of leak or early
stricture.
Fig. 8. Schematic depiction of the anatomy encountered. Note the H-type proximal
ﬁstula. This differs from the classic type D TEF, which consists of both a distal TEF and a
proximal end-to-side TEF that typically inserts on the trachea closer to the carina.
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cotomy, thoracoscopy provides superior visualization of the anat-
omy, enables more precise dissection of the delicate plane between
the esophagus andmembranous trachea, and results in less traction
placed on the trachea while performing the anastomosis. We found
these beneﬁts to persist and potentially become even more pro-
nounced when navigating the structures located near the apex of
the thoracic inlet.
We do agree that with careful dissection of the upper pouch, a
proximal ﬁstula could potentially be identiﬁed. However, it is very
common for the upper esophageal pouch to share a common wall
with themembranous part of the trachea and identifying the ﬁstula
can be very challenging. In fact, in many of the cases we have per-
formed, it initially looks like there will be a proximal ﬁstula while
dissecting the upper pouch off the trachea and it is actually very
uncommon to ﬁnd one. When the dissection is difﬁcult, or the
commonwall between these two structures seems hard to separate,
webelieve that intraoperativeﬂexible bronchoscopy in combinationwith thoracoscopy is a good tool for identifying or ruling out a
proximal ﬁstula.
In our institution, we perform an elective rigid bronchoscopy in
our TEF patients in order to conﬁrm the diagnosis, plan possible
intubation past the distal ﬁstula, and rule out any proximal ﬁstulas.
In this case, due to the fragile respiratory status and given the fact
that patient was already intubated, we elected to perform a ﬂexible
bronchoscopy to avoid extubation and reintubation.
With increased surgeon experience the results of thoracoscopic
EA repair have improved and the complexity of the pathology
addressed has increased signiﬁcantly. Mastery of general thoraco-
scopy in the neonate e through initial experience with ligation of
patent ductus arteriosus e preceded the ﬁrst successful repair of a
pure EA, which was followed soon there after by the ﬁrst successful
repair of a Gross type C EA/TEF [1,2,5,10,11]. Subsequent reports
describe the successful thoracoscopic ligation of H-type ﬁstula in
the absence of EA [3,4]. Our description of the ﬂexible broncho-
scopic-assisted identiﬁcation and subsequent thoracoscopic repair
of this rare variant represents the next step in the continued evo-
lution of the management EA/TEF and potentially extends the
beneﬁts of minimal access surgery to infants with a broader spec-
trum of esophageal and tracheal pathology.4. Conclusion
The thoracoscopic repair of this rare tracheoesophageal ﬁstulae
variant with H-type anatomy between the proximal pouch and
trachea located high in the thoracic inlet is feasible in low birth
weight infants. Intraoperative ﬂexible bronchoscopy is a valuable
tool for the identiﬁcation of a second ﬁstula and may also assist
with the thoracoscopic dissection and repair.Appendix. Supplementary data
Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.epsc.2014.04.004.References
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